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EXPERIMENTAL CALCULATION OF THE RECURRENCE OF TEMPERATURE AND W I N D  
VELOCITY COMBINATIONS I N  THE LOWER 100-M LAYER OF THE ATMOSPHERE 

T. F. Solokha 

Approximate computations of the frequency of occurrence 
of a combination of temperature and wind ve loc i ty  a t  he ights  
of 50 and 100 m a r e  given on the basis  of surface data .  

Study of the lower pa r t  of the  boundary layer  of t he  atmosphere i s  of 
g rea t  i n t e r e s t  f o r  solving a number of problems of t heo re t i ca l  and appl ied 
character .  

There has been a pa r t i cu la r ly  s t rong  increase  of i n t e r e s t  i n  study of t he  
v e r t i c a l  d i s t r i b u t i o n  of temperature and wind ve loc i ty  i n  the  lower layers  of 
the  atmosphere i n  r e l a t i o n  t o  the  design and operat ion of d i f f e r e n t  high s t ruc-  
t u r e s  and inves t iga t ion  of a i r  contamination conditions.  

The lower layer  of the  atmosphere i s  formed under the inf luence of the  
The underlying surface and the  processes occurring i n  the  f r e e  atmosphere. 

underlying surface e x e r t s  a thermal and dynamic e f f e c t  on the  s t ruc tu re  of the  
lower l aye r  of the  atmosphere. The thermal e f f e c t  i s  regulated f o r  t he  most 
pa r t  by t h e  i n f l u x  of rad ian t  energy a t  the a c t i v e  surface and the dynamic 
e f f e c t  i s  assoc ia ted  with the adhesion of the lower layer  of the  a i r f low t o  
the  s o i l  surface.  
mit ted t o  t h e  e n t i r e  thickness  of t he  lower layer .  These processes together  
determine the  wind and temperature p r o f i l e s  i n  the  considered 100-m layer  of 
t he  atmosphere. 

The re ta rd ing  of the  a i r f low by turbulen t  mixing i s  t rans-  

Our objec t ive  was development of a method f o r  approximate computation of 
the  frequency of occurrence of a combination of temperature and wind ve loc i ty  
a t  he igh t s  of 50 and 100 m on the bas i s  of sur face  data .  
f o r  the  most p a r t ,  us ing da ta  from the  300-m m a s t  a t  Obninsk, kindly put a t  our 
d i s p o s i t i o n  by the I n s t i t u t e  of Applied Geophysics. These data  made it pos- 
s ib le  t o  check tlhe bas i c  f G r n ; i ; h S ,  and what i s  most important, were used f o r  
d i r e c t  checking of f a c t u a l  data  on the  computed frequency of occurrence of a 
combination of temperature and wind ve loc i ty  a t  a height of 100 m. 
i nves t iga t ions  we used observations of a i r  temperature and wind ve loc i ty  a t  
he ights  of 8, 48.6 and 96.8 m f o r  e ight  times of observation, each th ree  hr  
(0100, 0400, 0700, 1000, 1300, 1600, 1900 and 2200 hr )  separately f o r  t h e  
win ter  (January-February and December 1962 and 1963) and the sununer (June- 
August 1962- 1964) seasons. Unfortunately,  t he  observations were made SPO- 
r a d i c a l l y  and the re fo re  during the mentioned years  and months the re  were only 
390 observat ions,  of which 148 were i n  winter and 242 i n  summer. 

This was accomplished, 

In  our 
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The high mast is situated in slightly dissected terrain, typical for the 
middle zone of the European part of the USSR. The grounds surrounding the high 
mast, with an area of about 14 hectares, is a trapezoidal quadrilateral oriented 
with its bases from SSE to "W and surrounded by a fence about 2.5 m high. 
Adjoining from the SE is a mixed forest with trees 10-15 m high. 
gives way to the E and the NE boundary of the grounds is already at a distance 
of 300-400 m from the forest. Fields extend to the NW and SW. 

- / 63 
The forest 4 

The grounds themselves constitute a meadow which is mowed in summer. At 
its NW corner and on the S boundary there are two small groups of bushes. 
mast is situated in the NW part of the grounds; 200 m to the E of the mast there 
is a meteorological observation station. Directly under the mast there are two 
small one-story buildings. In addition, in different directions from the mast 
there are other small structures. 

The 

Data obtained from the high mast of the Institute of Applied Geophysics 
have been used in making a series of studies, which have been published, on the 
turbulence and meteorological regimes and for study of processes of atmospheric 
diffusion and the propagation of impurities. 

Problems of the wind profiles and the characteristics of the turbulent 
regime in the lover 300-m layer of the atmosphere have been considered directly. 

For an investigation of the relationships between the turbulent and 
meteorological regimes it is necessary to have a classification (at least ap- 
proximate) of the stationary state of the lower layer of the atmosphere using 
a simple quantitative stratification criterion. 

As such a criterion of stratification of the lower part of the boundary 
layer the authors of (ref. 1) used the values of the ratio of the temperature 
difference at the 2- and 100-m levels and the difference of wind velocity at 
the 100- and 9-m levels. In addition, four groups of the state of stratifica- 
tion (higher-level classification) were defined for instable and neutral states 
of the lower layer (inversions were not considered). 

Sources (refs. 14 and 15) give a definition of the state of stratification 
on the basis of surface observations, in which the principal parameters are 
wind velocity at the level of the vane and the characteristics of the radiation 
balance: insolation or solar altitude and the state of the cloud cover (sur- 
face classification). In a comparison of the higher-level classification and 
the surface classification in (ref. 1) it was clarified that the higher-level 
classification makes it possible to break down the state of stratification 
more finely than the surface classification. The surface classification does 
not take into account the influence of the underlying surface (roughness Z O )  

and this is a shortcoming of the classification. 

into account the surface classification would make it possible to determine 
the state of stratification more precisely. 

With the parameter z taken 0 
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I n  ( r e f .  6) t he  wind and temperature p ro f i l e s  were analyzed using the  
Obukhov-Monin method i n  which the wind and temperature p r o f i l e s  a r e  determined 
unambiguously by the  turbulen t  heat f l u x  (qo) , tu rbulen t  shear ing stress (TO) 

and the roughness parameter ( z o ) .  

analyzed using the  Monin-Kazanskiy method, which i s  based on the  c h a r a c t e r i s t i c s  
of t h e  sur face  layer :  
L=2cusincp. 

The lower p a r t  of the  boundary layer  was 

qo, TO, zo and these a re  supplemented by Cor io l i s  force  

As the  dimensionless parameter character iz ing the inf luence of s t r a t i f i c a -  
t i o n  on the turbulent  regime i n  the lower pa r t  of the boundary layer  i n  t h i s  case 
w e  use 

1 

L = -- 2 
6 011 i s  th$  height of the  dynamic sublayer (here u i s  t h e  - I64 
f" Cp? HV 

i s  the  height  of the  dynamic 

x -  -- where 

6nn.h constant ,  v+ i s  dynamic ve loc i ty ,  L 
l ayer .  1 

I n  the  ana lys i s  of t he  wind and temperature p ro f i l e s  L1 and p a r e  deter-  

mined empir ical ly .  In  the mentioned s tud ie s  t h e  wind and temperature p r o f i l e s  
w e r e  considered with d i f f e r e n t  temperature s t r a t i f i c a t i o n s ,  f i r s t  i n  the s u r -  
face  l aye r  (8-9 m) and then i n  the  lower par t  of the  boundary layer .  

Analysis of the  wind ve loc i ty  and temperature p r o f i l e s  i n  the  sur face  
l aye r  revealed t h a t  desp i t e  some d i s t o r t i o n s  of t he  f l a t  underlying surface 
the  sur face  l a y e r  i n  the  neighborhood of the mast r e t a i n s  the character  of a 
sur face  l aye r  over a l e v e l  surface,  which makes i t  possible  t o  use  i t  f o r  ap- 
proximate determination of the  c h a r a c t e r i s t i c s  of turbulence.  

The Monin-Kazanskiy method f o r  the lower pa r t  of the boundary layer ,  
proposed i n  ( r e f .  6 ) ,  could not be used as the bas i s  f o r  t h i s  study due t o  the  
complexity of i t s  appl ica t ion .  Therefore, i n  t h i s  study a s implif ied method 
was adopted f o r  i nves t iga t ing  the wind and temperature p r o f i l e s  i n  the 100-m 
layer  f o r  purposes of p r a c t i c a l  appl ica t ion .  

For descr ib ing  the  d i s t r i b u t i o n  of wind ve loc i ty  we checked the appl i -  
c a b i l i t y  of a s i m p l e  power law i n  t h i s  layer  and as a c h a r a c t e r i s t i c  of strati-  
f i c a t i o n  we considered the temperature grad ien ts  a s  a funct ion of wind ve loc i ty  
a t  t he  l e v e l  of the  vane (8 m) and the extent of t he  lower cloud cover, t h a t  
is ,  t h e  adopted c l a s s i f i c a t i o n  i n  i t s  parameters was c lose  t o  the  sur face  
c l a s s i f i c a t i o n .  

Thus, t h i s  study gives  a separa te  ana lys i s  of the  d i s t r i b u t i o n  of tem- 
pera ture  and wind ve loc i ty  i n  the  100-rn layer,  t h e i r  combination, and compu- 
t a t i o n s  of t he  frequency of occurrence of a combination of temperature and wind 
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ve loc i ty  a l o f t  on the  b a s i s  of su r f ace  da t a  and e s t ab l i shed  r e l a t ionsh ips  pre- 
v a i l i n g  i n  t h e  100-m layer.  

-a 

-lo 

Temperature d a t a  a t  t he  l e v e l s  86 48.6 and 96.8 m were used i n  determining 
the  ver t ical  temperature g rad ien t s  (y /lo0 m) i n  the  l aye r s  8-48.6 m (50-m 
layer)  and 8-96.8 m ( 1 0 0 - m  layer) .  Graphs ( f ig .  1) were constructed f o r  deter-  
mining the dependence of t he  v e r t i c a l  temperature gradient  (y) i n  t he  50- and 
100-m layers on wind ve loc i ty  a t  t h e  Ea r th ' s  surface ( a t  a height  of 8 m).  

- 165 

L 

I 1  1 1 I l l  

The graph shows t h a t  negative temperature gradients  i n  t h e  50- and 100-m 
l aye r s  i n  both winter and summer a r e  observed f o r  t he  most pa r t  when t h e  wind 
ve loc i ty  a t  t h e  Ea r th ' s  surface i s  from 0 t o  3 m/sec, t h a t  i s ,  t h e  temperature 
inversions i n  the  lower 100-m a i r  
t he re  a re  weak wind v e l o c i t i e s  a t  

layer  usual ly  a r e  formed i n  those cases when 
the  E a r t h ' s  surface (0-3 m/sec). The formation 

Winter 

. Layer 50 m 
* Layer 100 m 

* '  

I I I I 1 I ' 2 3 4 5 6 7 B V ,  

Figure 1. 
i n  the  50- and 100-m l aye r s  on wind v e l o c i t y  a t  t h e  E a r t h ' s  
surface (H=8 m) . 

Dependence of v e r t i c a l  temperature gradient  (yo/lOO) 
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of inversions when the  wind ve loc i ty  a t  the  Earth 's  sur face  was more than  3 
m/sec was noted only i n  individual  cases.  

The determined pa t t e rn  made i t  possible  t o  carry out inves t iga t ions  of t he  
temperature regime separa te ly  f o r  cases with wind ve loc i ty  a t  the Ea r th ' s  sur -  
face S3 m/sec and >3 m/sec. 

Since cloud cover exe r t s  a grea t  inf luence on the  charac te r  of the d is -  
t r i b u t i o n  of t he  p r inc ipa l  meteorological elements i n  the  lower layer  of the  
atmosphere, t he  da ta  w e r e  analyzed taking i n t o  account the  ex ten t  of lower-level 
cloud cover. 

A l l  da ta  were considered i n  dependence on the  ex ten t  of the  lower cloud 
cover--0-7 ten ths  ( c l ea r  and semiclear sky) and 8-10 ten ths  (overcast  sky). 

Thus, i nves t iga t ion  of the  value of the v e r t i c a l  temperature gradient  (y) 
was made taking i n t o  account the  following combinations of wind ve loc i ty  (v) a t  
the  Ea r th ' s  sur face  and the  extent  of the  lower cloud cover: 

Wind ve loc i ty  (m/sec) Lower cloud cover ( tenths)  

s 3  
s 3  
>3 
>3 

0- 7 
8- 10 
0- 7 
8- 10 

Table 1 gives  the  mean values  of the v e r t i c a l  temperature grad ien ts  (y) 
f o r  observat ion t i m e s  f o r  t he  mentioned combinations. 

The da ta  i n  t a b l e  1 show t h a t  t h e  values y i n  both winter  and summer d i f -  
f e r  subs t an t i a l ly  i n  dependence on the  extent  of the  lower cloud cover, 0-7 
o r  0-8 t,enths, when the  wind ve loc i ty  a t  the Ea r th ' s  sur face  i s  13 m/sec and 
have less s i g n i f i c a n t  d i f fe rences  i n  the  case of a wind ve loc i ty  >3 m/sec. 

D e s p i t e  ind iv idua l  "jumping" values  y a t  some times, caused by a small 
number of observat ions,  t he  y-values have a c l ea r ly  expressed d iurna l  var ia -  
t i o n ,  p a r t i c u l a r l y  f o r  weak wind v e l o c i t i e s  (0-3 m/sec) and a small cloud ex- 
t e n t  (0-7 ten ths) .  

In  winter ,  when the  wind ve loc i ty  a t  the Ear th ' s  sur face  i s  53 m/sec and 
the  lower cloud cover i s  0-7 ten ths  the y-values during the course of t h e  day 
r e t a i n  negat ive values  i n  the  100-m layer ,  but i n  the 50-m layer  a t  t h e  time 
of t h e  observat ions a t  1300 hr  y has a pos i t ive  valu:. The da i ly  va r i a t ions  
i n  t h e  5 0 - m  layer  a r e  5 O  and i n  the  100-m layer--3.5 . In  overcast  weather 
the  d a i l y  changes a r e  considerably less and c o n s t i t u t e  about 2', but the y- 
values  during a la rge  pa r t  of the  day have pos i t i ve  values.  
ve loc i ty  >3 m/sec the  d a i l y  y-var ia t ion  i s  expressed weaker, although it  i s  
noted t h a t  the  y-values increase  i n  the  daytime h r  and even may a t t a i n  super- 
r a d i a b a t i c  values;  t h i s  does not contradict  t he  inves t iga t ions  of P. A. 
Vorontsov i n  ( r e f .  4).  The d a i l y  va r i a t ions  i n  the  case of a small extent  
of t h e  cloud cover a r e  about lo; i n  the  case of a considerable cloud cover-- 
s eve ra l  t e n t h s  of a degree. 

With a wind 
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I n  summer the d iurna l  va r i a t ion  of y i s  more c l ea r ly  expressed. For a wind 
ve loc i ty  53 m/sec and a cloud cover of 0-7 tenths  the  negative values  y begin 
from 1900 hr  and p e r s i s t  i n  the 100-m layer  t o  0700 hr ,  t h a t  i s ,  the dura t ion  of 
pers i s tence  of inversions i s  about 12 hr.  In  the  daytime h r  the y-values in-  
crease sharply and a t  1300 hr  a t t a i n  superadiabat ic  values .  In  t h i s  case the 
da i ly  va r i a t ions  a r e  6' i n  the  50-m layer  and 5O i n  the  100-m layer .  

With a wind ve loc i ty  >3 m/sec the y-values increase  i n  the daytime h r  t o  
superadiabat ic  values  and p e r s i s t  f o r  approximately 6-7 hr.  

Since the  number of observations a t  individual  t i m e s  of observation of d i f -  
f e r en t  groups was small, t he  determined mean y-values f o r  some observat ion 
periods a r e  of low r e l i a b i l i t y .  Therefore, i n  order  t o  obta in  more r e l i a b l e  
c h a r a c t e r i s t i c s  of the temperature p r o f i l e  we computed the mean y-values and 
t h e i r  frequency of occurrence ( t ab le  2) f o r  the day (regardless  of cloud cover 
and wind ve loc i ty)  and n ight  (depending on cloud cover with a wind ve loc i ty  
53 m/sec and independently of cloud cover when the  wind ve loc i ty  i s  >3 m/sec). 
The observat ions made a t  1900, 2200, 0100, 0400 and 0700 hr  i n  winter  and a t  
2200, 0100 and 0400 h r  i n  summer a r e  considered "nighttime" and observations 
a t  1000, 1300 and 1600 h r  i n  both winter  and suwer a r e  considered "daytime." 

Analysis of the  co l lec ted  data  on t h e  v e r t i c a l  temperature grad ien ts  f o r  /68 
daytime and nighttime revealed t h a t  i n  winter i n  the  daytime (1000-1600 h r ) ,  
desp i t e  the  at tenuated i n f l u x  of s o l a r  energy and a negat ive r ad ia t ion  balance, 
the  y-values i n  the  lower 100-m layer  f o r  t h e  most pa r t  a r e  pos i t i ve  and on 
the  average a r e  0.6°/100 m. 
win ter  r ad ia t ion  invers ions  a r e  formed. With a wind ve loc i ty  a t  the  Ear th ' s  
sur face  53 m/sec and a small extent  of lower cloud cover (0-7 ten ths)  the  y- 
values  have maximum negative values  and on the average a t t a i n  -3.2O/100 m i n  
the  50-m l aye r  and -1.8O/100 m i n  the 100-m layer .  The maximum negative y- 
value i s  observed i n  the  50-m layer  and i s  -14.6O/lOO m; i n  the  100-m layer  
i t  i s  -6.7'/100 m. 

A t  nighttime, during c l e a r  and calm weather, 

On an overcast  night  with at tenuated t e r r e s t r i a l  r ad ia t ion  the develop- 
ment of invers ions  i s  less probable. In  t h i s  case the  y-values a r e  small and 
usua l ly  have pos i t i ve  values;  the maximum frequency of occurrence i s  f o r  the  
values  0.3-0.5'/100 m when the wind ve loc i ty  i s  s 3  m/sec. 
ve loc i ty  i s  >3 m/sec the  maximum frequency of occurrence i s  f o r  the  values  
0.7-1.0"/iOo m ( the  mean y-value is C!.Oo/lOO m). 

When the wind 

I n  summer during the  daytime when there  i s  s t rong  turbulent  mixing i n  the  
50-m layer  t he re  a r e  superadiabat ic  gradients ;  t h e  maximum frequency of occur- 
rence is  f o r  the  values  1.1-1.2°/100 m. 
l ayer  are 0.8-1.0"/100 m. 

The predominant grad ien ts  i n  the  100-m 

A t  nighttime, a s  a r e s u l t  of cooling of t he  underlying surface and the  

The s t ronges t  inversions i n  t h i s  
sur face  a i r  layers ,  when there  a r e  weak winds a t  the  Ear th ' s  surface (53 m/sec), 
t he re  a r e  nighttime r ad ia t ion  inversions.  
l aye r  are developed i n  calm weather with a l imited cloud cover. 
i n  t h i s  case have the  maximum negative values and on the  average a t t a i n  -4O/ 
100 m i n  t h e  50-m layer  and -3O/100 m i n  the 100-m layer ,  t ha t  is, more 

The y-values 
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TABLE 2.  
NIGHTTIME I N  DEPENDENCE ON DIFFERENT COMBINATIONS OF WIND VELOCITY 
AND CLOUD COVER. 

MEAN AND MOST FREQUENTLY REPEATING y-VALUES FOR DAYTIME AND 

8- IO 

I I I repeat ing 

6 3  

Daytime 

Night time 

I 

Nighttime 0-7 4 3  R - 7 0  

8 IO < 3  8-31 

8-ItKl 

8 -loo 

Winter 

A 50 
H I 0 0  

8 -50 
H IlN 

8 -50 
8 -100 

8 90 
8 - ItH) 

Summer 

Nondependen t I Daytime 

Nondependent 

I I 
> 3  8 -50 

8-100 

I 0,9 F;om 0,7 - 1,0 
I I 

1.2 FroF 1 . 1  - 1.2 
1 .0  I 0.8 - I , O  I 

"--0,6 I '  -1 ,O 
~1-0,l It  -0,5 

"-0.1 ' I  -0,5 

-0,8 

-0,3 

s ign i f i can t  than i n  the  winter  ( the  maximum negative y-value observed was 
-19.0°/100 m i n  the 50-m layer  and -lO.Oo/lOO m i n  the 100-m layer ) .  

It should be noted t h a t  of a l l  the  considered observat ions i n  the night-  
tune hr  i n  summer the g rea t e s t  number of cases occurred i n  calm weather with 
few clouds. This apparently can be a t t r i b u t e d  t o  the f a c t  t ha t  the  standard 
observations on the high mast were made f o r  t he  most pa r t  when an t icyc lonic  
weather conditions prevailed.  

In  overcast  weather when the re  was a low cloud cover of 8-10 ten ths  the 
inversions were weaker, the y-values were considerably smaller and averaged 
about -0.8°/100 m. 

I n  the case of a wind ve loc i ty  a t  t h e  E a r t h ' s  sur face  >3 m/sec the  in-  
vers ions  usual ly  do not develop s i g n i f i c a n t l y ,  t he  s t a t e  of the  atmosphere i n  
such cases i s  c lose  t o  isothermal and the  v e r t i c a l  temperature grad ien ts  a r e  
about -0.2 o r  -0.3"/100 m. 
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A logarithmic o r  power-law dependence frequently i s  used f o r  computing the  
wind p r o f i l e  i n  the  lower p a r t  of the  boundary layer .  The v e r t i c a l  d i s t r i b u t i o n  
of wind ve loc i ty  i n  the  100-m layer ,  both with an ordinary temperature decrease 
and i n  an inversion layer  ( tempera ture  increase) can be expressed by a simple 
power law. Although a s i m p l e  power l a w  does not give such a good agreement 
with the t r u e  wind p r o f i l e s  a s  a generalized power law, i t  gives  a good approxi- 
mation f o r  a wide range of he ights  and i s  considerably b e t t e r  f o r  use i n  mathe- 
mat ical  analyses.  

I n  t h i s  paper computations of t h e  wind p r o f i l e  were checked using the  
formula 

where v i s  wind ve loc i ty  a t  the  he ights  50 and 100 m; v1 i s  wind ve loc i ty  a t  

the  Ear th ' s  sur face  ( a t  H=8 m); z i s  the heights  50 and 100 m; z1 i s  the  i n i -  

t i a l  l eve l  (8 m); m i s  a coe f f i c i en t  dependent on the  s t a t e  of the atmosphere 
( v e r t i c a l  temperature gradient  y ) .  

/69 

The dependence of m on y i n  the  range from -1.0' t o  1.2'/100 m can be ex- 
pressed, according t o  ( r e f s .  2 and 4 ) ,  through an equation of the form: 

tn = 0,190 - 0,085 y - o,@% p. (2) 

The dependence of m on y ,  obtained from a combination of da ta  f o r  the  
300-m mast and a study by Vorontsov i n  (ref. 6) ,  i s  represented graphical ly  
i n  f igu re  2.  

On the  graph 1 i s  the  dependence of m on y i n  invers ions ,  taken from 
( r e f .  5 ) ;  2 i s  the dependence of m on y, computed a s  the  mean value using da ta  
from the  300-m mast f o r  the 50- and 100-m layers  f o r  1900, 2200, 0100, 0400 
and 0700 h r .  The f i e l d s  of data  1 and 2 coincide,  which may be regarded a s  
confirmation of empir ical  formula (1). These computations of the mean wind 
ve loc i ty  i n  the daytime and i n  inversion layers  f o r  he ights  of 50- and 100-m 
uaiiig foriiiula (1) revealed tha t  the di f fe rences  between the ac tua l  and com- 
puted v e l o c i t i e s  f o r  t h e  most pa r t  do not exceed M.6-0.8 m/sec. 

I n  addi t ion ,  as a c h a r a c t e r i s t i c  of the v e r t i c a l  d i s t r i b u t i o n  of wind 
ve loc i ty  during the  day we computed the  differences of wind ve loc i ty  (Av) i n  
the  50- and 100-m layers  f o r  day and night ( t a b l e  3) .  

As might be expected, t he  d i f fe rences  of wind' v e l o c i t i e s  i n  the  50- and 
100-m layers  a t  nighttime a r e  g rea t e r  than during the  daytime. 
win ter  i n  weather with few clouds t h e  nighttime d i f fe rences  exceed the daytime 
d i f f e rences  by approximately a f a c t o r  of 2 ,  i n  summer when the  wind v e l o c i t i e s  
a t  the  E a r t h ' s  sur face  a r e  53  m/sec they exceed the nighttime d i f fe rences  by 
approximately a f a c t o r  of 4-5. 

Whereas i n  

The increase of t h e  d i f fe rence  of wind ve loc i ty  
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Figure 2 .  Dependence of m on yo/lOO m. X, 1; , 2 .  

TABLE 3. DIFFERENCES OF WIND VELOCITIES (Av) i n  50- AND 100-M 
LAYERS (NUMBER OF CASES G I V E N  I N  PARENTHESES.) 

I Nighttime - Daytime 
Cloud cover ( t en ths )  
0-7  - 8 10 I Av.* I A v m  

v (m/sec) 

b Z’yl  I A Vlnn 

> 3  0,n (15) c3 I (22) 

.s:l 0,G (26) 

> n  I I , O  (21) 

Winter 

1 ,4  ( I G )  2,6 (17) ::: ::5”: I 2,4 ( 1 4 )  I 4.1 (14) 
Summer 

1,0 (29) l , 4  (30) 
1.4 (18) 2,1 (18) I 

a t  nighttime can be a t t r i b u t e d  t o  t h e  predominance i n  t h e  lower 100-• laye r  of 
r ad ia t ion  inversions (especial ly  s t rongly expressed i n  sumner) i n  which i t  i s  w e l l  
known tha t  t he re  is a rapid inc rease  of wind v e l o c i t y  with height .  

10 



The dependence of t h e  d i f fe rence  of wind ve loc i ty  (Av) i n  the  50- and 
100-m layers  on wind ve loc i ty  a t  the  Earth 's  sur face  (v,) a t  nighttime i n  sum- 
mer i s  shown i n  f igu re  3. 

The graph shows t h a t  the  d i f fe rences  (Av) i n  the  50- and 100-m layers  
have a maximum s c a t t e r  when the re  i s  a zero wind ve loc i ty  a t  t he  Earth 's  sur -  
face.  I n  t h e  50-m layer the  s c a t t e r  of points  i s  less than i n  the 100-m 
layer  and f o r  t he  most pa r t  v a r i e s  i n  the range 2 m/sec (1-3 m/sec). 
d i f fe rences  Av i n  the  50-m layer  remain almost constant with an increase  of 
wind ve loc i ty  a t  the Ea r th ' s  surface.  

- /70 
The mean 

I n  the  100-m layer  t he  s c a t t e r  of points v a r i e s  from 1 t o  7 m/sec; how- 
ever,  the mean d i f fe rences  Av increase  with an increase  of wind ve loc i ty  a t  the 
Ea r th ' s  surface.  

The da ta  i n  t a b l e  3 show tha t  i n  winter i n  daytime the  determined d i f f e r -  
ences (Av) when the  wind v e l o c i t i e s  a t  the Ear th ' s  surface a r e  53 m/sec and 
>3 m/sec a r e  almost i d e n t i c a l ,  whereas a t  nighttime when the  winds a r e  >3 m/sec 
the  d i f fe rences  a r e  considerably grea te r  than when 53 m/sec, espec ia l ly  i n  
weather with few clouds. 
which i s  due t o  i n t e n s i f i e d  turbulent  mixing. 

During daytime i n  s u m e r  the  d i f fe rences  Av a r e  small, 

Nowwe proceed t o  ana lys i s  of the combination of temperature and wind 
ve loc i ty  i n  the 100-m layer .  Computations of the  frequency of occurrence of a 
combination of temperature and wind ve loc i ty  were made using surface da ta  (8  m) 
and a t  a height  of 100 m f o r  5' temperature gradat ions and f o r  wind ve loc i ty  
gradat ions of 1 m/sec f o r  day and night i n  winter and sumner ( t ab le  4 ) .  
ind ica ted  above, t he  observations f o r  the  most pa r t  apply t o  an t icyc lonic  
weather conditions.  

As 

The da ta  i n  t a b l e  4 show tha t  i n  winter t he  values  of the combination of 
temperature and wind ve loc i ty  a t  the Ear th ' s  sur face  both during the day and 
a t  n ight  a r e  grouped i n  the  temperature range from -25' t o  +So and the wind 
ve loc i ty  range from 0 t o  8 m/sec. The maximum frequency of occurrence of t he  
combination f o r  a l l  temperature gradat ions f a l l s  a t  a wind ve loc i ty  of 2 m/sec. 
The d i f f e rences  of t he  frequency of occurrence of the  combination between day 
and n ight  i n  winter  a r e  l imited t o  the  f a c t  t h a t  a t  nighttime the highest  per- 
centage of occurrence of the  combination by wind ve loc i ty  gradat ions f a l l s  a t  
lower temperatures (-10, -15') than i n  daytime (-5, -10'). 

The d i s t r i b u t i o n  of t he  Combination a t  a height  of 100 m i n  winter  i s  - / 7 1  
grouped i n  the same temperature range a s  a t  the E a r t h ' s  surface,  but the wind 
ve loc i ty  range increases  t o  10-11 m/sec. 

The maximum frequency of occurrence of the  combination i n  daytime and 
night t ime f a l l s  a t  temperatures -10, -15' and wind v e l o c i t i e s  2 and 6 m/sec. 

I n  summer i n  daytime a t  the  Ea r th ' s  surface the values  of the  combination 
of temperature and wind ve loc i ty  a r e  grouped i n  the  temperature range 10-30' and 
wind ve loc i ty  range 0-7 m/sec, with a maximum frequency of occurrence f o r  t h e  
temperature gradat ions 15-20' and wind ve loc i ty  gradat ions 2-3 m/sec. 
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Figure 3. Dependence of differences of wind velocities 
in the 50- and 100-m layers on wind velocity at the 
Earth's surface (H=8 m). 

At nighttime the values of the combination are distributed in the range of 
lower temperatures (0-25') and lesser wind velocities (0-4 m/sec) with a maxi- 
mum frequency of occurrence for the temperature gradations 10-15O and wind 
velocity gradations 0-2 m/sec. 

The distribution of the combination at a height of 100 m in summer during 
the daytime is the same with respect to temperature as at the Earth's surface, 
but the wind velocity range increases somewhat (1-10 m/sec). At nighttime the 
distribution of the combination is displaced in comparison with the surface 
combination in the direction of higher temperatures (5-30') and very sharply 
in the direction of higher wind velocities (0-11 mlsec), which can be attributed 
to the high frequency of occurrence of inversions in this period. 

Data on the frequency of occurrence of the combination were used in com- 
puting the probability of occurrence of a combination of temperature (equal to 
or less than certain limits) and wind velocity (equal to and less than certain 
limits in summer and equal to and greater than certain limits in winter) at 
heights of 8 and 100 m and corresponding nomograms were constructed (fig. 4 ) .  
In this work we used the method of representation of combinations in the form 
of projections of the integral surfaces of distribution, proposed in (ref. 9 ) .  

Construction of nomograms to some degree makes it possible to exclude 
random errors. 
of occurrence or probability of occurrence of any gradation of a particular 
combination, including gradations broken down further than those used in our 
computations. However, the greatest importance of the surface nomograms in 
this work is that is becomes possible to use them for computing the probability 
of occurrence of a combination at the heights 50 and 100 m. 

Using the nomograms it is possible to determine the frequency 
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Winter, daytime (1000, 1300 1600 hr )  

95nO 80 70 60 SO 40 30 20 10 s 

3 3 0  

Summer, daytime (1000, 1300, 1600 hr)  

Figure 4 .  Nomograms of t he  probabi l i ty  of occurrence (pro jec t ions  
of i n t e g r a l  d i s t r i b u t i o n  surfaces)  of a combination of temperature 
and wind ve loc i ty  a t  the Ea r th ' s  sur face  and a t  heights  of 8, 50 
and 100 m. 
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The nomograms w e r e  used i n  compiling t a b l e s  of t h e  p robab i l i t y  of occur- 
rence of a combination of temperature and wind ve loc i ty  a t  t he  E a r t h ' s  surface 
and a t  heights  of 100 m (Appendix). 

Daytime 

Nighttime 

Using the  nomograms of t he  p robab i l i t y  of occurrence of a combination of /75 
temperature and wind ve loc i ty  a t  t h e  Ea r th ' s  surface ( H = 8  m) and e s t ab l i shed  
dependences of t h e  wind and temperature p r o f i l e s ,  we made experimental computa- 
t i o n s  of t he  frequency of occurrence of t h e  combination a t  heights  of 50 and 100 
m and t h e  r e s u l t s  were compared with observational data.  For making these  com- 
putations w e  added t o  t h e  nomograms of t h e  p robab i l i t y  of occurrence of a sur- 
f ace  combination spec ia l ly  computed temperature and wind ve loc i ty  s c a l e s  f o r  
he igh t s  of 50 and 100 m. For nighttime w e  computed two temperature s c a l e s  f o r  
wind v e l o c i t i e s  a t  t h e  Ea r th ' s  surface S3 m/sec and >3 m/sec. The temperature 
change i n  the  l aye r  was taken from t h e  mean v e r t i c a l  temperature gradients  with 
an accuracy t o  0.5' ( t ab le  5) .  

A t  nighttime, with a wind ve loc i ty  a t  t he  E a r t h ' s  surface S3 m/sec, t h e  
influence of winter  cloud cover was taken i n t o  account by computing the  mean 
a r i thme t i ca l  y-values f o r  weather with a l imited cloud cover (0-7 tenths)  and 
overcast  conditions (8- 10 t en ths )  because t h e  number of analyzed observations 
f o r  these categories  was approximately t h e  same (28 cases of cloud cover i n  
the  0-7-tenths category and 34 cases i n  the  8-10- t e n t h s  category). With re- 
spect  t o  t h e  long-term data  on the  frequency of occurrence of cloud cover f o r  
the  p a r t i c u l a r  region, t h e  p robab i l i t y  of an overcast  sky a t  nighttime i n  
win te r  i s  75 percent;  t he  p robab i l i t y  of a l imited cloud cover was 25 percent.  

Nondependent 

< 3  

> 3  

TABLE 5. y-VALUES AND CORRECTIONS TO SURFACE TEMPERATURE ( A t )  FOR 
COMPUTING TEMPERATURE AND WIND VELOCITY SCALES. 

Daytime 

Night t ime 

Nonde pendent 

c3 

> 3  

Winter 

Summer 

R 50 
8 I(@ 

8 rn 
8-100 

9 -50 
8-100 

0.0 
-0,s 
+0 ,5  
+1.0 

-0 ,s 
-1,o 

-0.5 
-1.0 

+2.0 
f 3 , O  

0.0 
-to.:, 
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Therefore, i n  computing the  frequency of occurrence of the  combination a l o f t  on 
the  basis of long-term surface da t a  when construct ing t h e  temperature and wind' 
ve loc i ty  sca l e s  t he  y-value aust be used taking i n t o  account the  frequency of 
occurrence of cloud cover i n  the  0-7- and 8-10-tenths categories .  

3.5 
:1,7 
4 . 4  
5.4 

' 8.0 

A t  nighttime i n  summer the  sca l e s  were computed using y f o r  weather with a 
l imited cloud cover (0-7 ten ths)  because the  overwhelming number of observations 
w a s  made under these condi t ions (83 cases i n  the  0-7 category and 6 cases  i n  the  
8- 10 category).  

4.7 
5,0 
5.9 
7.1 

10.6 

According t o  long-term da ta ,  the probabi l i ty  of an overcast  sky i s  about 
50 percent,  t h a t  i s ,  the  number of n ights  with an overcast  sky and a l imited 
cloud cover i s  approximately i d e n t i c a l .  Therefore, i n  computing the  frequency 
of occurrence of the combination on t h e  bas i s  of long-term da ta  i t  i s  possible  /76 
t o  use the mean a r i thme t i ca l  y-values f o r  cloud cover i n  the  0-7- and 8-10-tenths 
category. 

5,9 
ci,n 
7,4 
9,0  

13.4 

The wind ve loc i ty  sca l e s  f o r  heights  of 50 and 100 m were computed using 
a s i m p l e  power law. We used formula (1) i n  computing wind v e l o c i t i e s  a t  heights  
of 50 and 100 m ( t a b l e  6) f o r  d i f f e r e n t  y-values ( t a b l e  5) f o r  a given wind 
ve loc i ty  a t  t he  Ea r th ' s  surface and. then constructed graphs of wind ve loc i ty  
a l o f t  a s  a func t ion  of wind ve loc i ty  a t  t he  Ear th ' s  surface.  The wind ve loc i -  
t i e s  a l o f t  f o r  t he  50- and 100-m l eve l s  were read from the  graphs. 
the  sca l e s  f o r  a wind ve loc i ty  a t  the Ear th ' s  surface of 3 m/sec i n  the nighttime 
h r  was graphical ly  in te rpola ted .  In  addi t ion,  f o r  nighttime i n  summer the com- 
puta t ion  of the wind ve loc i ty  sca l e  was somewhat complicated because the use 

The break i n  

11.8 
12.6 
14,7 - - 

TABLE 6. W I N D  VELOCITIES AT HEIGHTS OF 50- AND 100-M AS FUNCTION 
OF W I N D  VELOCITY AT THE EARTH'S SURFACE (v8) FOR DIFFERENT y- 
VALUES. 

17.7 
19.0 
22,O _- - 

Height 50 m 

2.4 
2,6  
2,7 
3,4 
3.7 
6.5 

1.2 
f l , ! l  
0 , 6  

-0,3 
- 1 . 4  
-4.0 

3.6 
3,8 
4 , l  
5 .2  
5,s 
9,4 

1.0 
O,!l 
0.6 

- 0,;1 
- 0 . R  
-3,o 

2.2 
2,4 
2,s 
2,n 
3.6 
5,3 

Height 100 m 

4,9 
5 ,  I 
5 5  
6.8 
7 1  

I 12,9 
9,2 - 

16,2 I - 

18,3 
18.9 
20.7 
25.5 - 
- 
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of a simple power law in the case of strong inversions with extremely weak wind 
velocities at the Earth's surface (from 0 to 1 m/sec) leads to a large error. 
For this reason computations of the scale in the segment 0-1 m/sec were made 
using the corresponding differences of wind velocity obtained using observations 
on the high mast at Obninsk for the mentioned surface velocities. 

. 

Since in strong inversions there usually is a rapid increase of wind 
velocity with height, the differences of wind velocity in the 50- and 100-m 
layers are particularly large when the wind velocities at the Earth's surface 
have zero values and on the average at nighttime in summer are 2.4  m/sec in 
the 50-m layer and 3.9 m/sec in the 100-m layer (fig. 3), that is, in cases of 
very weak wind velocities at the Earth's surface the mean wind velocities aloft 
in inversions are quite considerable. Therefore, in the case of strong inver- 
sions (summer, nighttime) the wind velocity scales in the segment 0-1 m/sec 
at the Earth's surface were computed taking into account the differences (Av), 
but above 1 m/sec--using a simple power law. 

The probability of occurrence of a combination of temperature and wind /79 
velocity for a height of 100 m was read from the nomogram for 8 m using scales 
obtained by the mentioned method. The results of probability of occurrence of 
a combination obtained by this method for a height of 100 m and observed data 
for the combination are given in table 7. 
mean velocity at a height of 100 m was 3.9 m/sec when the wind velocity at a 
height 8 m was zero, the probability of occurrence of the combination for 
velocities 1-3 m/sec was linearly extrapolated from the probability of occur- 
rence of wind velocities from 4 to 0 m/sec. 

Since at nighttime in summer the 

The data in table 7 show that the values of the probability of occur- 
rence of a combination of temperature and wind velocity at a height of 100 ma 
obtained by the proposed method, are close to the observed values and the maxi- 
mum differences between them for the most part do not exceed 10-12 percent. 

Thus, having initial surface data for temperature and wind velocity, and 
using the nomograms of the probability of occurrence of a Combination, we may 
determine the frequency of occurrence for a combination of temperature and wind 
velocity at heights of 50 and 100 m, using the appropriate scales for this 
purpose, 

Conclusions 

1. For an approximate computation of the frequency of occurrence of a 
temperature and wind velocity combination at heights of 50 and 100 m based on 
surface data, it is possible to use a simplified model of the distribution of 
the characteristics of the turbulent regime in the 100-m layer using nomograms 
of the probability of occurrence of the combination (projections of the integral 
surfaces of distribution). 

2 .  Atmospheric stratification was determined using the following param- 
eters: 
the Earth's surface ( H = 8  m) and the extent of the cloud cover at different times 
of day. 

the value of the vertical temperature gradient ( y ) ,  wind velocity at 

It was possible to define four groups of state for different combinations 
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wind velocity at the Earth's surface ('3 m/sec and >3 m/sec) and cloud cover 
the 0-7- and 8-10-tenths categories. 

3. In computing the distribution of wind velocity in the 100-m layer it 

possible to use a simple power law of the form V- for daytime and 

nighttime conditions and for daytime conditions in summer. 
velocity in the 100-m layer when there are strong inversions (summer, nighttime) 
and very weak wind velocities at the Earth's surface (0-1 m/sec) does not fit 
into the power-law dependence and therefore in order to obtain sufficiently cor- 
rect results it is necessary that in these cases the mean wind velocity be com- 
puted using the wind velocity differences (Av). 

A change of wind 

4 .  In order to determine the temperature changes in the layer and to 
compute the exponent m in formula (1) it is sufficient to use for the vertical 
temperature gradients (yo/lOO m) the mean values in daytime, regardless of 
cloud cover and wind velocity, but at nighttime they should be used differ- 
entially, with wind velocity and the frequency of occurrence of a cloud cover 
taken into account. 

5. The probability of occurrence of a combination of temperature and 
wind velocity at a height of 100 m, obtained by computations, is close to the 
observed values; the differences between them for the most part do not exceed 
10-12 percent. The proposed method therefore can be used for approximate com- 
putations in the solution of some practical problems. 
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